A six-year study of clinical data and the morphologic changes involved in lymphocytic thyroiditis in a colony of related borzoi dogs was conducted. Lesions observed included initial degenerative thyroidal parenchymal changes which progressed to subacute inflammation with subsequent fibrosis and end stage thyroid gland disease. This study encompasses three successive generations of this borzoi colony and documents the progression of the histologic changes from the initial thyroid gland degenerative lesions to the end stage parenchymal atrophy. Spontaneous, familial thyroiditis has not been reported previously in the borzoi breed.
Lymphocytic thyroiditis in dogs is an example of an autoimmune disease with clinical and histological similarities t o Hashimoto's disease in people.2. 12, 20 A lymphocytic thyroiditis which has not generally produced clinical disease has been recognized for a number of years in a colony of laboratory but only recently has lymphocytic thyroiditis been recognized as a n important cause of hypothyroidism in the l 9 Dogs with clinical hypothyroidism show signs of lethargy, weight gain, skin changes a n d tend to stay in warm areas.5 T h e condition is associated with low serum concentrations of triiodothyronine and thyroxine. 5 . '4 T h e clinical, histologic a n d electron microscopic findings reported in this study of spontaneous, progressive lymphocytic thyroiditis cover a six-year period. This paper reports the clinical data on ten borzoi littermates, including histology a n d ultrastructure of their thyroid glands. Histologic changes of six related dogs were documented as well. T h e various stages of thyroid gland lesions in different aged dogs revealed a unique disease progression and provided evidence for the pathogenesis of lymphocytic thyroiditis in the dog. In our group of dogs the disorder was inherited as an autosomal recessive trait.
Materials and Methods
The dogs used in this study consisted of ten inbred borzoi which were born July 1 1, 198 1, and six closely related dogs.
The dogs were vaccinated against distemper, leptospirosis, hepatitis and parvovirus.
Blood was collected at monthly intervals beginning at birth using 22 gauge, 11/2 inch needles and 10-cc vacutainer tubes. Specimens were allowed to clot and were placed in a centrifuge at 1000 RPM for 15 minutes. Serum was then drawn off and placed in 3-ml plastic test tubes and frozen at -20°C until analyzed.
Serum triiodothyronine and thyroxine were determined at 30-day intervals by radioimmunoassay employing the standardized Becton-Dickinson Solid Phase Kit (Orangeburg, N.Y .). This assay utilizes rabbit anti-human antibodies. Our studies examined serum samples over a 24-month period from January, 1982 to December, 1983.
Thyroid stimulation tests were done every six months to measure the thyroid's quantitative response. These results were compared with normal controls to ascertain thyroid function. Ten international units (IU) of bovine thyrotropin were administered intravenously. Blood samples were obtained before and four hours after injection of bovine thyrotropin. Serum samples were analyzed for triiodothyronine and thyroxine concentrations by radioimmunoassay.
Thyroglobulin autoantibodies were evaluated by the chromic chloride hemagglutination test using a modification14 of a previously reported procedure. 23 Antinuclear antibodies were assayed with a modified indirect technique that utilizes (HEp-2) cell substrate with goat anti-dog immunoglobulin G (heavy and light chain specific) flourescein tagged antibody (Microbiological Research Corporation, Bountiful, UT). Canine immunoglobulins A, G and M were quantitated using standardized kits (Miles Laboratories, Research Product Division, Elkhart, IN.)
Thyroid gland biopsies were done on all ten littermates at two years of age. The parents of these dogs were biopsied at 3.5 or four years of age. A single biopsy was taken from each animal by removing a small portion of the distal right or left thyroid lobe, on a random basis. The histologic section of the eight-year-old maternal grandparent is from a specimen of thyroid gland taken at necropsy. All tissue sections were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned, and stained with hematoxylin and eosin.
For electron microscopy, small sections of tissue were fixed in paraformaldehyde/glutaraldehyde fixative in cacodylate buffer which was adjusted to 550 mOsm and pH 7.4. They were then postfixed with 1 .O% osmium tetroxide, dehydrated with a graded series of ethanol, infiltrated with propylene oxide and embedded in Araldite 502 (Electron Microscopy Sciences, Fort Washington, PA). Ultrathin sections were examined using a transmission electron microscope. Results were analyzed using the student's t-test, two-tailed, (unpaired) differences, with p < 0.05 considered to be significant.
Results
In 1978, a study was undertaken to determine the cause of hypothyroidism in a colony of borzoi dogs in Buckley, MI. All animals were owned by a borzoi breeder and were part of the same kennel. The index case was a female which initially had low triiodothyronine levels (0.59 ng/ml) and low thyroxine levels (1 1.7 ng/ml); over a period of three years the levels of both triiodothyronine and thyroxine fell to near zero ng/ml. Hypothyroidism can be diagnosed in the dog when triiodothyronine levels are less than 0.70 ng/ml and thyroxine levels are less than 15 ng/m1. 22 The index case was bred to an unrelated male from another kennel, and a litter of eight puppies was produced, one of which died perinatally. Of the remaining seven dogs, three had a moderate to severe lympho-plasmacytic thyroiditis. These three dogs all had clinical signs of hypothyroidism by two years of age (skin abnormalities, weight gain, low triiodothyronine-thyroxine levels). The prospective mating of two of these affected littermates produced a litter of ten dogs, four females and six males.
Over a 24-month period beginning in January, 1982, these ten littermate borzoi dogs were evaluated for thyroid function, immunological abnormalities, and clinical signs of hypothyroidism. During this period, skin abnormalities from two littermates were observed. Initially, these lesions began on the head and facial regions and subsequently spread to the trunk and limbs. The skin changes were grossly characterized by a dry, scaley, nonpruritic, bilateral alopecia. Skin lesions were observed in dog 1 at one year of age and at that time his thyroxine levels were low normal (1 7.8 ng/ml) but his triiodothyronine values were abnormally low (0.46 ng/ml). Dog 2 developed skin abnormalities at 1 Y2 years of age. Thyroxine and triiodothyronine levels at this time were 13.8 ng/ml and 0.66 ng/ml, respectively. Skin biopsies taken at this time from dog 2 were characterized by marked infundibular keratin plugging, follicular atrophy with basket weave orthokeratosis and atrophy of the sebaceous glands. No other significant skin lesions developed in the other eight littermates during this 24-month period.
The chromic chloride passive hemagglutination test was utilized to detect the presence of thyroglobulin autoantibodies. A 1 :40 antibody titer against thyroglobulin was detected in the paternal parent of the ten affected littermates at age two. A 1:20 antibody titer against thyroglobulin was detected in the serum of one of the ten affected littermates. All serum samples tested for antinuclear antibody in this colony were negative. Immunoglobulin levels of five serum samples taken from each of the ten littermates revealed only one dog with abnormally high levels of immunoglobulin G. Serum electrophoresis on this sample confirmed an elevation of the beta two and gamma one region on the gamma globulin peak.
Serum levels of thyroxine in affected dogs (combined means) showed a decrease in the first and second years of this study ( fig. 1 ). These levels were compared to nine control borzoi of the same age in both sexes. The thyroxine levels in affected dogs were significantly lower when compared to the control group. Mean control thyroxine levels were approximately 24 & 4.1 ng/ml. In affected dogs in the first 12 months, thyroxine levels were 18.3 f 3.4 ng/ml (p < 0.025); in the second 12 months they were 15.8 f 2.3 ng/ml (p < 0,001) ( fig. 1 ).
The mean triiodothyronine values were significantly different from controls in the second 12 months only. When comparing control mean triiodothyronine values (0.93 f 0.15 ng/ml) to the mean triiodothyronine values in the affected group during the second 12 months (1.23 -t 0.15 ng/ml), the triiodothyronine values in our experimental group were significantly higher, p < 0.0 15.
Thyroid gland reserve as measured via thyrotropin stimulation was not significantly different in the two groups at this stage of the disease progression.
Histologic alterations were present in three successive generations of related borzoi dogs. Thyroid gland le- 5 ) is apparent. The most severe inflammatory change is characterized by a diffuse infiltration of lymphocytes, plasma cells, and macrophages ( fig. 6 ). Lymphoid nodules were common with extensive parenchymal destruction and subsequent loss of normal architecture. Thyroid C cells (parafollicular cells) are more prominent in the more normal appearing follicles ( fig. 6, inset) . A more advanced stage of this inflammatory lesion ( fig.  7 ) has fewer plasma cells with narrowed follicular lu-PhY ( fig. 3 ) . mens that contained little or no colloid. Follicles present were lined by columnar follicular cells. This section was taken from the 3Ih-year-old maternal parent of the dogs depicted in figures 2-6.
Electron microscopy studies paralleled histologic findings beginning with occasional individual lymphocytes observed migrating between epithelial cells ( fig.  8 ). Discrete electron dense deposits were present within the region of the basal lamina ( fig. 9 ). C cells in this stage of the disease appeared unaffected. The most severe stage of thyroiditis was characterized by plasma cells and lymphocytes in the interstitium, with occasional neutrophils. Plasma cells were situated perivascularly, or subjacent to the follicular basal lamina ( fig.  10 ).
Chronic lymphocytic thyroiditis was characterized by replacement of the thyroid gland with dense fibrous connective tissue and diffusely scattered lymphocytes. Follicular remnants were distorted, presumably due to 
subsequent fibrous connective tissue contraction
The apparent end stage in the progression of this around these structures ( fig. 1 1) . This tissue biopsy was disease was characterized by few follicles and extensive taken from the 3'h-year-old paternal parent of the dogs adipose connective tissue replacement of atrophied parepresented in figures 2-6.
renchymal structures ( fig. 12 ). There was still evidence 
Discussion
Clinical hypothyroidism in dogs associated with lymphocytic thyroiditis has been r e~0 r t e d . l~. I9 Our six-year study documents progressive thyroid gland disease in a family of borzoi dogs.
Similarities noted in our canine study and in human patients with lymphocytic thyroiditis were the presence of abnormally high gamma globulin levels present in the most severely affected animal in the third generation. Elevated immunoglobulin G levels are associated with antibodies that are produced against more than one specific antigen.15. l 6 Skin abnormalities were compatible with dermatopatholgoy seen in patients with primary hypothyroidism in both people and dogs.3,'. l o Although the thyroid stimulating hormone tests were not significantly altered in the affected dogs when compared to age-and breed-matched controls, it should be pointed out that these ten littermates are at various stages of thyroid gland disease, as depicted by the different histologic lesions illustrated. One report states that normal thyroid function and response may be maintained with as little as 25 to 30% of the healthy thyroid follicles p r e~e n t .~ Perhaps a similar amount of thyroid gland destruction is needed in lymphocytic thyroiditis dogs before the thyroid stimulating response tests indicate abnormal function. The thyroid stimulating response tests of the affected dogs that were done during this two-year study would be considered normal in most veterinary diagnostic laboratories. This suggests that the thyroid stimulating response tests may not be a good indicator of lymphocytic thyroiditis in the early stages of the disease when there is still a sufficient number of normal follicles present to respond. Presumably, these dogs will eventually develop hypothyroidism as the thyroid gland destruction progresses. The histological data also illustrate the diversity in the rate of disease progression in individual dogs. This phenomenon may be attributed to biological variations of the immune response in individual dogs.
During the first 12 months, a significant decrease in thyroxine levels were seen in the affected dogs when compared to age-breed matched controls (p < 0.025).
Decreases in thyroxine levels during the second 12 months were even more significant (p < 0.001). These decreases were presumably due to progressive. primary thyroid gland disease.
Triiodothyronine levels, during the second 12-month period, were significantly higher in our affected dogs when compared to age-breed matched controls (p < (v). Bar = 1 Fm 0.0 15). This increase in triiodothyronine levels may be attributed to an abnormal conversion of thyroxine to triiodothyronine. In one study, a significant inverse correlation was observed between serum thyroxine levels and the conversion rate of thyroxine to triiodothyronine while a positive correlation existed between the conversion rate and triiodothyronine production rates.6 These findings are consistent with our triiodothyronine observations. Increases in thyroxine to triiodothyronine conversion rates observed in hypothyroidism may reflect decreased thyroxine disposal by nondeiodative pathways." Alternatively, there may be an increased synthesis and secretion of triiodothyronine by the thyroid gland. Manifestations of hyperthyroidism have been reported in the early phases of lymphocytic thyroiditis in about 50% of human patients,26 before clinical hypothyroidism develops. Transient hy-perthyroidism in some human patients with lymphocytic thyroiditis appear to be compatible with the transient, unregulated discharge of thyroid follicle contents.''." This transient phase of hyperthyroidism could explain the relative increases in triiodothyronine levels that appeared in our colony, as reported in a human study.' Acute thyroiditis is one of the known thyroid disease states that does give rise to increased plasma triiodothyronine levels, which rise before plasma thyroxine levels."
The observed phenomena may represent compensatory mechanisms, seen in degenerative thyroid gland disease, that facilitate the production of the most biologically active of the thyroid hormones (triiodothyronine). It is generally accepted that the effects of the thyroid gland are expressed primarily through the hormonal actions of triiodothyronine which is derived principally from peripheral deiodination of thyroxine. 21 In people, the thyroid gland in lymphocytic thyroiditis may be hyperfunctional, normal or hypofunctional depending on the stage of the disease.'."
Our observations indicate that the first thyroidal alterations are subtle follicular changes with what appears to be follicular degeneration characterized by decrease in size and numbers of glandular elements, with collapse of the follicular lumens when compared to age-matched controls. These initial changes are degenerative, but noninflammatory.
Inflammatory changes are observed in the next phase. Acute inflammatory changes are apparent in the obvious vasculitis. Ultrastructural findings of basal laminal deposits, along with acute vascular changes, suggest immune complex involvement in this phase of the disease. When significant quantities of immune complexes accumulate, they tend to be deposited in blood vessels. 24 The formation of immune complexes via the combination of antigen with antibody is the initial step in a number of biological processes, one of which leads to neutrophil accumulation and the development of acute va~culitis.*~~~ More severe inflammatory changes with subsequent parenchymal destruction appear as the disease progresses. Chronic inflammatory changes with fibrous connective tissue replacement of the thyroid paren-chyma appear next. Histologically, the end stage of the disease in this colony apparently manifests itself as an entity histologically similar to idiopathic follicular atrophy." This stage appears much later in the disease process and was seen here in a dog eight years old.
The presence of lymphocytes migrating between follicular cells suggests the involvement of cell-mediated hypersensitivity in this disease as well. Antigenic stimulation of T cells leads to the formation of effector cells with a variety of different specific functions.' Some T cells differentiate into specific cytotoxic cells capable of destroying target cells bearing the sensitizing antig e n~. " .~~ Our results suggested that familial lymphocytic thyroiditis in this colony of related borzoi dogs appeared to progress spontaneously, with initial lesions indicating that follicular degeneration precedes inflammatory destruction of the thyroid gland. The thyroid gland of the oldest dog in this study was characterized histologically by follicular atrophy with adipose connective tissue replacement of thyroid parenchyma and the presence of residual lymphocytes. This lesion is similar to an entity described as idiopathic follicular atrophy.I2 Jim D. Sillers and the Veterinary Immunology Lab at Michigan State University. This paper was supported in part by grant number RR-01 173 from the National Institutes of Health.
